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DISCHARGE LAMP HAVING A HEAT
RESISTANT FILM AND METHOD FOR
PRODUCING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims priority from Japa-
nese Patent Application No. 2009-044252, filed on Feb. 26,
2009, the contents of which are incorporated herein by refer-
ence.

BACKGROUND

1. Technical Field

The present invention relates to a. discharge lamp, a
method for producing the discharge lamp, a light source
device, and a projector.

2. Related Art

Conventionally, projectors are used 1n a variety of applica-
tion areas including image projectors for presentations in
meetings and home theater systems in homes. Most of the
projectors mcorporate a light source device such as a dis-
charge lamp having electrodes. For example, the discharge
lamp 1s a halogen lamp, a metal halide lamp, or a high-
pressure mercury lamp.

Onthe other hand, the discharge lamp causes an increase in
temperature when the lamp 1s 1n 1ts on state. Thereby, there
occurs devitrification due to crystallization of quartz glass
used as a material of an arc tube, resulting 1n a reduction in
transmitted light or a decrease in strength of the arc tube 1tself.
In order to solve the problems, for example, as in JP-A-2008-
270074, an yttrium oxide (Y ,O,) film 1s formed on an 1nner
surface of an arc tube or a haitnium oxide (H1O,) film 1s
tformed to prevent crystallization of quartz.

However, the yttrium oxide film has low transmittance and
1s sintered when exposed to high temperature for a long time.
In addition, the hainium oxide film tends to absorb oxygen
and thus 1s easily oxidized, whereby devitrification can occur.
Accordingly, forming only such a monolayer film 1s not
enough to sufliciently obtain a devitrification prevention
cifect. Thus, further improvement 1s needed.

SUMMARY

An advantage of the mvention 1s to provide a discharge
lamp that prevents devitrification (crystallization) caused by

heat generated upon a discharge of electricity to prevent a
reduction in transmitted light and a decrease 1n strength of an
arc tube so as to obtain long-term reliability. Additionally,
other advantages of the invention are to provide a method for
producing the discharge lamp, a light source device, and a
projector that include the discharge lamp.

To solve the above problems, a discharge lamp according
to a first aspect of the invention includes an arc tube and a
boron oxide film formed on an 1nner surface of the arc tube.

In the discharge lamp of the first aspect, the boron oxide
f1lm 1s formed on the 1nner surface of the arc tube. The boron
oxide has high translucency, as well as 1s extremely excellent
in chemical stability and thermal resistance. Accordingly,
even when the discharge lamp 1s exposed to high temperature
when the lamp 1s 1n 1ts on state, the boron oxide film hardly
deteriorates. Thereby, devitrification of the arc tube can be
clfectively prevented 1n a long term, so that a life span of the
discharge lamp can be significantly improved.

In addition, pretferably, the boron oxide film 1s a thin film
formed by sintering boron oxide particles.
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In the discharge lamp above, a devitrification preventing
f1lm having an even film thickness can be formed on the inner
surtace of the arc tube.

Preferably, the boron oxide film has a thickness ranging,
from 0.1 to 100 micrometers.

In the discharge lamp above, there occur no problems, such
as separation and a film crack. Thus, a high devitrification
prevention effect can be maintained in the long term.

In addition, preferably, the thickness of the boron oxide
f1lm ranges from 0.2 to 50 micrometers.

The discharge lamp above can provide the long-term high
devitrification prevention etlect, so that the life span of the
discharge lamp can be significantly improved.

In order to solve the above problems, a method for produc-
ing a discharge lamp according to a second aspect of the
invention includes applying a liquid material including boron
oxide on an mnner surface of an arc tube and heating the
applied liquid material to form a boron oxide film on the 1nner
surface of the arc tube.

In the method of the second aspect, after applying the
boron oxide film on the inner surface of the arc tube, the
applied film 1s heated to form a devitrification preventing
film. This can prevent, for example, separation of the devit-
rification preventing film due to a failure of adhesion of the
{1lm waith the arc tube.

In addition, 1n the method of the second aspect, preferably,
the liquid material 1s prepared by dispersing or dissolving
particles of the boron oxide 1n a medium.

In the method above, the devitrification preventing film can
be formed so as to have an even thickness on the inner surface
of the arc tube.

A light source device according to a third aspect of the
invention includes the discharge lamp of the first aspect.

The light source device of the third aspect includes the
discharge lamp that has the high devitrification prevention
cifect and the long-term life span, thus allowing light emis-
sion with high luminance in the long term and thereby achiev-
ing high reliability.

A projector according to a fourth aspect of the ivention
includes the light source device of the third aspect.

The projector includes the light source device of the third
aspect capable of providing light emission with high lumi-
nance 1n the long term, thus achieving high visibility and high
definition.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
clements.

FIG. 1 1s a plan view showing an entire structure of a light
source device according to an embodiment of the invention.

FIG. 2 1s a sectional view showing a schematic view of a
discharge lamp according to an embodiment of the invention.

FIG. 3 1s a schematic structural view of a projector of an
embodiment of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiments of the invention will be described with ret-
erence to the drawings. Among the drawings referred to 1n the
description below, scales of respective constituent elements
vary according to needs to make the elements visually dis-
cernible.
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First Embodiment

FIG. 1 1s a plan view showing an entire structure of a light
source device according to an embodiment of the mvention,
and FIG. 2 1s a sectional view showing a schematic structure
of a discharge lamp according to an embodiment of the mnven-
tion.

A light source device 1 of the embodiment i1s suitably
incorporated 1n a projector, which will be described later. The
light source device 1 includes a reflector 12 and a discharge
lamp 3 of the embodiment arranged 1nside the reflector 12.
The discharge lamp 3 includes an arc tube 11 made of quartz
glass (510,) and a pair of electrodes 112 arranged inside the
arc tube 11. A light emitting substance 1s enclosed 1n the arc
tube 11.

The arc tube 11 includes a bulging portion 111A as a
spherically bulging center and enclosing portions 111B
extended on opposite sides of the bulging portion 111A.
Inside the bulging portion 111 A 1s formed a light emission
region 14 in which the light emitting substance 1s filled (an
enclosing space where a light emission gas 1s enclosed). The
light emission region 14 has an inner diameter ol approxi-
mately 1 to 2 millimeters, for example.

In the enclosing portions 111B, bar-shaped electrodes 112
are arranged in such a manner that one-side top ends of the
clectrodes 112 are spaced apart from each other. The elec-
trodes 112 are suitably made of a conductive material, par-
ticularly, a material having a small thermal expansion coeti-
cient and a high level of thermal resistance. Specifically,
tungsten 1s suitable.

When the top ends of the electrodes 112 are arranged 1n the
light emission region 14 of the arc tube 11, reaction of the
clectrode material with the gas seems to cause corrosion of
the metal material of the electrodes depending on a kind of the
gas filled 1n the light emission region 14. In this case, it 1s
desirable to form a corrosion resistant film or the like.

Inside the respective enclosing portions 111B, respective
foils 111B1 made of molybdenum are inserted and electri-
cally connected to the pair of respective electrodes 112. The
fo1ls 111B1 are enclosed in glass or the like. The respective
fo1ls 111B1 are connected to respective leading wires 113 as
clectrode leading wires. The leading wires 113 are extended
outside the discharge lamp 3.

The light emitting substance filled in the light emission
region 14 includes mercury, a rare gas, and a halogen com-
pound. An amount of the mercury filled may range from 0.135
mg/mm° to 0.32 mg/mm>, and is preferably enclosed at a
vapor pressure of 150 to 190 bars.

The rare gas 1s used to promote light emission performed
by a light emitting portion and 1s not restricted to a specific
one. For example, the rare gas may be a commonly used gas
such as argon gas or xenon gas.

In addition, the halogen compound may be a halogen
selected among chlorine, bromine, and 10dine. Among them,
particularly, bromine 1s preferable.

As shown 1n FIG. 2, the arc tube 11 of the embodiment
includes a devitrification preventing film 18 to prevent devit-
rification of the arc tube 11. The devitrification preventing
f1lm 18 1s provided on an mner surface 111A1 of the bulging
portion 111A.

The devitrification preventing film 18 1s mainly made of
boron oxide (B,O,) and covers an entire part of the inner
surface 111 A of the bulging portion 111 A. The devitrification
preventing {ilm 18 1s a thin film formed by sintering particles
of the boron oxide and has high light transmission properties
and high thermal resistance. In other words, the devitrifica-
tion preventing film 18 mainly made of the boron oxide has a
chemically stable structure and hardly deteriorates even when
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exposed to high temperature for a long time. Thus, the devit-
rification preventing film 18 can prevent reaction between the
substance filled 1n the arc tube 11 and the mner surface 111A1
of the arc tube 11.

A thickness of the devitrification preventing film 18 varies
with the light emitting substance or the like enclosed 1n the arc
tube 11. For example, the devitrification preventing film 18
has a thickness preferably ranging from 0.1 to 100 microme-
ters, and more preferably ranging from 0.2 to 50 micrometers.

In order to form the devitrification preventing film 18 thus
structured, first, a liquid material that includes boron oxide
particles 1s dissolved or dispersed in ethanol, octanol, butyl

acetate, or the like. Then, the liquid material 1s applied on the
inner surface 111A1 of the arc tube 111 by a dipping (DIP)

method and sintered at a predetermined temperature.

The reflector 12 1s an integrally molded article made of
glass and includes a neck-shaped portion 121 through which
one of the enclosing portions 111B of the discharge lamp 3 1s
inserted and a retlecting portion 122 having a curved planar
shape extended from the neck-shaped portion 121.

At a center of the neck-shaped portion 121 1s formed an
insertion hole 123, and the one of the enclosing portions 1118
1s arranged 1n a center of the insertion hole 123.

The reflecting portion 122 1s formed by vapor-depositing a
metal thin film on an 1nner surface of the glass having the
curved plane. A reflecting surface of the reflecting portion
122 serves as a cold mirror reflecting visible light and trans-
mitting infrared light therethrough.

The discharge lamp 3 1s arranged inside the reflecting
portion 122 1n such a manner that a center of light emission
between the electrodes 112 1nside the bulging portion 111 A 1s
located at a focus position L1 of the curved plane of the
reflecting portion 122.

As shown 1 FIG. 1, the reflector 12 having the curved
planar shape 1s designed in such a manner that a flux of light
emitted from the bulging portion 111A becomes parallel light
when the discharge lamp 3 is turned on.

When fixing the discharge lamp 3 to the reflector 12 thus
formed, the enclosing portions 111E of the discharge lamp 3
are mserted in the mnsertion hole 123 of the reflector 12 to fill
an 1organic adhesive mainly containing silica or alumina 1n
the insertion hole 123.

A sub reflection mirror 13 1s a reflecting member that
covers a front side 1n a light flux emission direction of the light
emission region 14 of the bulging portion 111A. A reflecting
surtace of the sub retlection mirror 13 1s formed 1nto a con-
cavely curved plane following a spherical surface of the light
emission region 14 (the mner surface 111A1 of the arc tube
11), and serves as a cold mirror, similarly to the reflector 12.

Preferably, the sub reflection mirror 13 covers a portion
ranging from approximately a half to a third of the front side
in the light flux emission direction of the light emissionregion
14 of the bulging portion 111A.

In the discharge lamp 3 described above, when voltage 1s
applied to the leading wires 113 extended outwardly from the
enclosing portions 111B, discharge of electricity occurs
between the electrodes 112, thereby causing light emission of
a light emitting portion 15. Then, a part of a light flux emaitted
forwardly from the bulging portion 111A of the discharge
lamp 3 1s reflected on the reflecting surface of the sub retlec-
tion mirror 13 to be returned to the bulging portion 111A.
Next, energy of a part of the returned light 1s absorbed by the
substance enclosed in the light emission region 14 of the
bulging portion 111A, whereas a remaining part of the
returned light goes into the retlector 2 to be emitted from the
reflecting portion 122 of the retlector 12.
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As described above, the light source device 1 of the
embodiment includes the devitrification preventing film 18
mainly made of boron oxide (B,O,) on the inner surface
111A of the arc tube 11. The boron oxide 1s excellent 1n
translucency, chemical stability, and thermal resistance.
Accordingly, even when the inner surface 111A1 of the arc
tube 11 1s exposed to high temperature for a long time during,
continuous lighting of the discharge lamp 3, the devitrifica-
tion preventing film 18 does not deteriorate and thus can
maintain 1ts good film condition. This allows inhibition of
reaction between the light emitting substance (a metal halo-
gen substance) enclosed 1n the arc tube 11 or the electrode
material (tungsten) and the arc tube 11 (quartz glass, high
silica glass, or the like), thereby preventing deterioration, a
color change, or devitrification occurring in the arc tube 11.
As a result, the life span of the discharge lamp 3 can be
significantly improved.

In addition, when forming the devitrification preventing
film 18, the liquid material prepared by dispersing (dissolv-
ing) the boron oxide particles in a medium 1s applied on the
inner surface 111A1 of the arc tube 11. Thereby, cohesion
among the boron oxide particles can be prevented and thus
dispersibility of the particles can be increased. Consequently,
the devitrification preventing film 18 can be formed with an
even film thickness on the inner surface 111 A1 of the arc tube
11.

Projector

Next, a description will be given of a projector according to
an embodiment of the mvention. The projector includes the
light source device of the embodiment.

FIG. 3 1s a plan view showing a structural example of the
projector. As shown in the drawing, 1nside a projector 1100 1s
provided a lamp unit 1102 including the light source device 1
of the embodiment. Projection light emitted from the lamp
unit 1102 1s split into light rays of three primary colors of red
(R), green (G), and blue (B) by four mirrors 1106 and two
dichroic mirrors 1108 arranged 1n a light guide 1104 to be
input to respective liquid crystal panels (light modulation
sections) 1110R, 11108, and 1110G as light valves corre-
sponding to the respective primary colors.

The liguid crystal panels 1110R, 11108, and 1110G have a
same structure as that of the liquid crystal device described
above and are driven by signals of the primary colors R, G,
and B supplied from an image signal processing circuit. Light
rays modulated by the liquid crystal panels are mput to a
dichroic prism 1112 from three directions. In the dichroic
prism 1112, light rays of red and blue are refracted at an angle
of 90 degrees, whereas a green light ray travels straight.
Consequently, images of the respective colors are synthe-
s1zed, resulting that a color image 1s projected on a screen or
the like via a projection lens 1114 (a projection section).
Regarding a display image obtained by each of the liquid
crystal panels 1110R, 1110B, and 1110G, the display image
by the liquid crystal panel 1110G needs to be laterally
reversed with respect to the display image by each of the
liquad crystal panels 1110R and 1110B.

The projector 1100 includes the light source device 1 of the
above-described embodiment. In the light source device 1,
devitrification of the arc tube 1s prevented in the long term,
and thus, application of illumination light with high lumi-
nance can be achieved in the long term. Accordingly, the
projector 1100 has a long life span and can provide a projec-
tion 1mage having high display quality and high reliability.
Additionally, the projector 1100 including the compact light
source device 1 can be entirely mimaturized and light-
weilghted.
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Furthermore, 1n the projector 1110 of the embodiment, the
liquid crystal panels are used as the light modulation sections.
However, instead of the liquid crystal panels, 1n general, any
device that can modulate incident light 1n accordance with
image information can be used as a light modulation section.
For example, there may be used a micro-mirror type light
modulation device, such as a digital micro-mirror device
(DMD, registered as a trademark). If the DMD 1s used, there
are no needs for an incident light polarizing plate or an output
light polarizing plate. Thus, no polarization conversion ele-
ment 1s necessary.

The light source device 1 of the embodiment 1s applied to
the projector 1100 of a transmissive liquid crystal system.
However, instead of that, the light source device 1 can also be
applied to a projector employing a retlective liquid crystal
system, such as a liquid-crystal-on-silicon (LCOS) system, so
as to obtain same advantageous eifects.

The light modulation sections of the above embodiment
may be structured by a three-plate system using the three
liquid crystal panels or by a single plate system using a single
liquid crystal panel. If the single plate system 1s used, it 1s
unnecessary to provide a color split optical system, a color
synthesis optical system, and the like for an 1llumination light
system.

In addition, 1n the embodiment, the light source device 1 1s
applied to a front-type projector projecting an optical image
on a projecting surface arranged outside the projector. How-
ever, alternatively, the light source device 1 may be applied to
a rear-type projector having a screen thereinside to project an
optical image on the screen 1nside the projector.

While some preferred embodiments of the invention have
been described with reference to the accompanying drawings,
it should be understood that the invention 1s not intended to be
limited to those embodiments, and for example, the embodi-
ments may be combined together. It will be obvious to those
skilled 1n the art that various changes and modifications can
be made therein without departing from the scope of techno-
logical 1deas described in the claims of the mvention, and
those changes and modifications are naturally included 1n the
technological range of the invention.

For example, the light source device 1 of the above embodi-
ment can employ a microwave power source or an AC power
source.

Additionally, although the light source device 1 of the
embodiment 1s used as the light source for the projector, the
compact and light-weighted light source device of the
embodiment may also be applied to other optical apparatuses,
as well as can be suitably applied to lighting apparatuses of
transportation systems such as aircrait, ships, and vehicles,
indoor lighting apparatuses, and the like.

What 1s claimed 1s:
1. A method for producing a discharge lamp, comprising:
applying a liquid material including boron oxide on an
inner surface of an arc tube,
wherein the liquid matenal 1s prepared by introducing par-
ticles of the boron oxide into a medium and dispersing or
dissolving the particles of the boron oxide in the
medium; and
heating the applied liquid matenal to form a film substan-
tially composed of boron oxide on the inner surface of
the arc tube.
2. The method according to claim 1, wherein the discharge
lamp 1s one of a halogen lamp, a metal halide lamp, or a
high-pressure mercury lamp.
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